


PRIORITY 
DOCUMENT 



The Patent Office 
Concept House 



Cardiff Road 
Newport 



SUBMITTED OR TRANSlVnTTED IN 
COMPLIANCE WITH RULE 1 7.1 (a) OR (b) 



South Wales 
NPIO 8QQ 



RECD 1 5 AUG 2003 



WlPO 



PCT 



I, the undersigned, being an officer duly authorised in accordance with Section 74(1) aad (4) 
of the Deregulation & Contracting Out Act 1994, to sign and issue certificates on behalf of the 
Comptroller-General, hereby certify that annexed hereto is a true copy of the documents as 
originally filed in connection with the patent application identified therein. 



In accordance with the Patents (Companies Re-registration) Rules 1982, if a company named 
in this certificate and any accompanying documents has re-registered under the Companies Act 
1980 with the same name as that with which it was registered immediately before re- 
registration save for the substitution as, or inclusion as, the last part of the name of the words 
"pubUc limited company" or their equivalents in Welsh, references to the name of the conqpany 
in this certificate and any accompanying documents shall be treated as references to the name 
with which it is so re-registered. 



In accordance with the rules, the words "public limited conq)any" may be replaced by p.Lc, 
pic, P.L.C. or PLC. 

Re-registration under the Companies Act does not constitute a new legal entity but merely 
subjects the company to certain additional company law rules. 




An Executive Agency of tbe Department of Tirade and Industry 




i;7-J|]L-02 14:36 PROM-asiersham ffroup patenis 



mm mm 



T-BIZ . P.DOZ 



neiitiActX977 



Itiequ^ for jgdEot 



^aBBtsFomi PAllFr OFFICEl /ife^- 

\ Office I 



1 7 JUL 2002 



im02 £75409371 1^22. 



1. Your reference PZ0Z49 



2. Faxezxt applicadon nundier 

/7%e Patent OOHxt wBI&liiB thSSpdO) 



0216621.3 



3. Ibanaine.ad*eisaiidpost«deofilieorof imaging Research Solutions UmifcBd 

^kch aonlicaiit fthuiedMaffmiaae^ Cyclotron BuiWlr^ 

Hwnmfeiismith Campus 

DuCane Road 

London 

Pati^ ADP mmiber {^jnuJam ^ W12 ONN 

*^ ' • 

If the vplicaAl is * CPiporate body, gjve tfie 
country/scste oT Us incorporation 



4. Tide of die invention 
MAQING COMPOUNDS 



TbePettfliOffiee 

Newpoit 
South Wales 
NF108QQ 



17 JUL 20Q2 



5. Name of your agent ^yoahsm caic) 

"AddTKS for service" in the United Kin^ojn 
to which all correspondence shoidd be sent 



Patents ADF mnnber (itywiawwJi) 



HAMMETT, Audrey, Grace, CampbeU; ROLLINS. AnOrony. John and 

HAMMS^, Catrima. MacLood 

Amersham pic 

The Grave Centra 

White Lion Road 

Amersham 

Buddnghamshire HP7 9LL 



6, Xfvauaredec3ain%prioriv£fOmoneormore 
earfier patent appfications. give the couAOy 
and the date of ming of the ori^ each of diese 
ejtflle^ ^pTirwirwiR and ^jouAnow iO the or 
each appfication'mimber 


CcKDiliy PriP«^ appUcKton number 


Due of filing 
(Oay/maatb /yw} 


7. If this ap]diC3tioii Is divided or otherwise ^ 
derived tern an jsarlierUK apptlcaaon, 
give the nuxaberjand die fOhi^ date of 
the earlier g^pHcation 


umH^ oTeirDer appHratftm 


Dace ofHUng 



8. Is a statement oPhi ventorship and of right 
to grant of a patent req[uired in support of 
this request? (Asiswtr Yes'U; 

3} ai^ appUttBOi namatf ih part S is Siot w i/wentar, or 
ajpplitant or j 

m 



Patents 



ir^JUL-oz 14:96 FROM-aDorsham group patmte 



401414 643977 



T-612 9.099/622 F-210 



Patents Foirol/77j 



9. Enter the numberjof sheets far any of the 
following Hems you are fiHng widi this fbmOr 
Do not ttum copies of tfie^medocttment 

CoAtlimation sheets of this form 

ion 



11 



Claim<9 
Abstract 



r. 



IOt It you ore also Bfiiig any of the roUowlii^ 
state ftpw nai^ against each icexzL 

i Priori^ documents 

Tran^latiDDs of pdoxilty documents 

Statement of invetltorship and right 
to grant of a patent {^cai&F9m 7/7J) 

Request for proiliniiDa;^ exantinaticm 
* dAd search (%ten£r/%BM 

R ftqn e st &r substantive exandnadon 
Any other documents 



11, 




HAMMErr. Audrey, G, C 



inest Hhe gicant of a patent on the basas of this applieaiion. 



Date 

17 July 2QQ2 



j|2. Name and da^ytiine telephone number of HALLS, Jennie 
petson fo cpmacc in die United Kingdom 01494 545064 



Wmdfifi 

/teerai? appUcaiSon for a p&teat h&s baenftfed, the CampUoJUcrafthePatsBt t7i3&» wiff<»7fSi'dferv^a»a'mibik:at£m 
or conanunitatiM oftheinventim should tfeprobib't^ or jnBSttJeieduaderSeafm^ J97Z You 

wmbeii^rmed if it is necessary to pxvhib^ or T&a^yoMjrlnve^ this way. Fkafh^mor^ ffyou ttve in die 

vOTiOfiaa j^nmsslon Bom ibe JPiaiene mfkc unless an dj^SaHon has been ifled at least ff weeks befaretand indie 
Unixsd Kmgdom far a patent ibr the same invention and ^erno direcHon prohildting puhUc&San or 
mmmunicatlonlmsbeensiyen. arai^such dirccdan has been revoked. 

Notes 

^ Jfjmfneedhelpiomintb^ibnaorjnuisaveai^que^ons^ph^ fm4S9SMSOS. 
b) Write your answers in capitai letters xvang black inic or you may type diem. 

^ ITih^jsnof ekoug/i ^ceroraff the jrsl^vant derails an any part of this form, please continue an a separate 
sheet of paper and mite "see amtmuatsan sheet" in die relevant part(s). Any continuation sheet ^otdd be 
Attached to thls^om}. 

d) If you have an^^^ered Yes*Fatents Form 7/7T win need to be filed. 

e) Once ywhave)med in die &}rm you must remember to sign and ^ate it 
O For details of the fee and wvays to pay please eontact the Patent OJSce. 



lf*JUt-02 14:37 ' FROII^rshaa sroup pst«it8 4014(4 643977 T-612 P.00ei^22 F-210 

# DUPUGATB 

HHAGiMeCOWIPOUMDS 



The present invention relates to the field of medical imaging, in particular fo 
5 posifrpn mission tomc^iaphy (PET) and shgte-photon em^ron computed 
tomo^pliy (SPEGT) and pratrides compounds and meffiiods tor Imag^g osntred 
nervous system (CN^ res^eptors. 

The AMnsAhyl-D-aspaitate (NMI>A) receptor is one of tiie main sutytjpes of 
xo glufamateigic ii^»|9tors and is widely accepted to play a pivotal role in long term 
depression, long tserm potentiation, and developmental neuronal plastiraty. NMDA 
Induced ^dtotoxicffy that is due at least pai&illy to oveiactivafion or prolonged 
sfimulation of NMDA recepttns has been found in many CNS diseases such as 
stroke, brain or spinal diord trauma, e|»iepsy, Alzheimer's disease, and 
15 Huntington's disease, A number of compounds have been investigated as 
potential radioligands for studying the NMDA receptor ion-channel site in vivo 
using PET. l-fowever, the mafoiity of these compounds have suffered the 
disadvantages of poor pen^ation of the blood brain barrier or high non-epec^c 
binding. Therefore, there exi^ a need for further radiol^nds for the NMOA 
20 lecepfior. 

AcooRlb^ly, in one aspei^ of the present invention, ^ere is provided a conpound 
of formula (1): 




or a salt or solvate thereof, wherein: 

is -"CHaR* or T^Pl-C^^fluoroaikyl wherein RMs hydrogen or C,^ alkyl; 

-1- 
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In a m6re prelerred aspect of the invention, there is provided a compound of 
formula (lb): 




s or a salt or solvate ttiereof. wherein: 
R* is C,^ alkylthro. preferably - SCH3; 

R' Is either -"CH3, -"CHaCHg, or -"CHaCHjCH, (preferably -"CH,), or Is 
-CHa^^F, -CHgCHa^F, or -CHaCHaCHa^F (preferably - CHj"F). 

xo Most prefeired compounds of formula (1) include: 

(N-(2-cWoro-5<methyithto)phenyO-NH3-*"ethylthio)pheny[)-hf-[N-methyl-"C 

methylguanidine; and 

(N-(2rChloro-5-(m^hyHhlo)phenyl)-N'-{3-methytthio)phenyl)-N'-['''F3- 
fluoronriethy^uanidine. 

IS 

According to a further aspect of the present invention, there le provided a 
oompound of fbimula (ic): 




20 or a salt or solvate Ihereof, wherein: 

R'*is Ci^ alkyl or C,^ haloalkyi (preferably C,^ fluoroalkyO; 
R* is hydrogen or C,^ allcyl (preferably methyl); 



I 
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A compound of formula (Ic) or a salt or solvate thereof may be prepared from the 
oorresppnding compound of formula OH): 



.ID 




AC 



(III) 



5 Wherein R*. and R* are as defined for the compound of (lo) and Is C^^ 
alkyi preferably n-butyl. by reaction with an appropriate iabeOed tadid© sail, 
suitably and alkan metal Iodide such as sodium Iodide in the presence of an add 
such as peracetic acid. 

10 Compounds of fomuila (111) may be prepared acconcflng to Scheme 1 : 
Scheme 1 



20 




NHg.HCt 



25 



•30 



35 



ChlorotenzenG. refluxing 



H 



Bu^Sn- 



Wherein R**, 1^, and R<*are as defined for the compound of fonnula (111), 
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The invention wviill now be iUustrated by way of the following Eitamples: 
^"^P'f 1- gy^esfe — of /W-fg-chl oro^-fmeawtthiotohanvn-lM'-fa- 

5 0) 2-chlDrt>-5-^m6thvlihlin\ aniline twdmchlnrifte 

To a stirred solution of 2-chloro-S-(methynhlo>lienzolc acid (5g, 24.67 mmoO in t- 
butanollczOinL) was added triethytamine (5^ mL. 37.8 mmol). After sfinlng 
brielTy. dphenylpho^oiyl azMe (emL, 27.60mmol) was added dropwise. The 
maofiari mixture was slowly heated t© reflux for ehouis and then cooled to room 

10 temperature. The solvent was removed under reduced) pressure and the cmde 
reaclfoij mixture was dissolved in tetrahydmolUrari (12.5 mL) feUowed by the 
addffiori of 12.5mL trifluoiroaoetic acid (1:1). Tlie reacbon mixture was heated to 
reflux ft»r 6 hours and the solvent was evaporated after coolirig to room 
fimperkure. The reaction mlnture was treated with NaOH (25%) to bsirtg the pH 

15 to 12 wjiite cooling in an ice water bath. The produei was repeatedly esjSracted into 
ethylac^te (4 X 25 mL) and the organic layer washed wish water (10 mL). The 
oombEn.bd extracts were dried ever WlgSO^ and eonceritrated m vacuo to afford 
yejlowjoll. The product was purified by column chromatography (SiOa. gradient 
of hexaftiesyEtOAc) and th© collected samples dissolved In ether and treated with 

20 HCI/etHeir (10 mL, 1 iWl) to provide whfle crystals. The final product was a while 
solid (3:73g, 87%yie(cl): mp: 180-181-0; 
TLC: h®Kanes/EtOAe (9:1) R,=0.51; 

MS (CD) m/6 174 (iW+l for C^HaClivJiS) and m/e 191 (fW+NH,); 
'H-MfWa (DMS«>de) 6 (ppm) 7.2-6.7 (m. 3H. Ar^H), 6.1 (br.s 2H. NH^, 2.5 (s. 3H, 
25 S-CHa); 

«C.NiWR (DWJSO-dJ 5 (ppm) 138.1 (C-NH^ CI). 12S.7 (OS-CH,, C5. and C-H. 
C3), 119.8 (C-H. C4). 118.1 (C-CI. C2). 116.6 (C=H. C6), 14.6 (S^H^. C7); 

IR: 348(1.3 cm'^(NHy. 2600 -3000 cm-ne-H aromafio. C^ianphatic stretch), 1480 
- ieoo'cm-MC=C), 1250 cm-' (&-CHO. me cm-{C-N), 832 cm-' (C-H arooi>atic). 

30 

fin 3-fmethvlthlr>>pf^nvfavanafT^irj|^ 



-7- 



ff-^UL-M 14i38 FBOtfr-awrehain group patarts +014M 6439|^ T-612 P.91IAI22 F-2ie 

3C£.AiJ£f^^ ^^^^^ ^^^^^ 



enoorsnaoi 5roup patents •^01484 64l|^^ 



A solution of t^nogen bromide (1 .42g, 1 3.4 mmoi) in anhydrous diethyl etfier (8 
niL) was added ^owly to a &;iSi?ed solution of 3-<metJiyKhio)anIlln@ (2.72 mL, 21.4 
mmei) in anhydrous dtetJiyl ether at 4 ''C. After tt»e addiSion, the rsaction mixture 
w&s stirrad at 24 for 12 inours and becmme & brown solution with si whitei 
5 precipitsit®. The prsdpitate was filter^ off; the fitinEste was washed with aqueous 
HCi (1 3 X IS mL) im erOier and ^e organic layer exitac^ with bdne (1 0 mL). 
Then the ether solution was dried over MgSQ,, fiffiered, and conc^ntra^ ^ vacuo 
to yield a thick liquid. The orude product was furthsr purified by column 
chromdtc^raphy (SiOa, 9 gradient of hexsines/GH^CIj/EtOAc) to afford 3- 
10 (methyltti){o)pheny1 c^namide (0.7g, <$d% yield) as a white soEd: m.p. 64-6S"C; 
TLC dichIoronnethan©^EtOAc (93:7) R,o>0.54; 

(Ci) m/& 165 for CtHaNaS), 182 (M+NH^. 199 (M-»{MH4«f-MHa), 216 

<IW4WH,*NH,+iMHa); 

^H-NMR (CDCW 6 <ppm) 7.2-6.7 <m, 4M, Ar-H), 7.5 (br.s, 1 H. NH), 2.45 (s, 3H. S- 
15 CHa): 

«C-NMR (CDCy 6 (ppm) 140.8 (C-NH. CI), 137.9 (C-SCHg. C3), 129.9 (C«, C5), 
121.3 <C-H, C2), 112.9 (C-H, C4), 112.1 (C-H. C6). 111.6 (CN, C7), 1S.5 (S-CH,. 
C8); 

IR: 3050-3172 cmr* (C-H aromaSc streteh). 2800-3000 cnnr^ (C^ stretch, methyl C- 
20 H siretfah), 2227 cm^ (CN), 1480-1600 cnrr^ (OC). 1280-1350 cm-* (S-CHg). 700- 
800 cmr" (C-H aromatio), 600 ^ (C-S sbreftch). 



(Mi M->(2-chlon>-S°fmethvithio^phenvl!)-W'-{methvighi6>phenvltauanidine 
Aluminium chloride (0.67g, 5 mmoO was added to a stirred solution of 3- 
25 (methylthio) phemylcyanamide (prepared using methods described in Btampie 1 
(ii)) (0.823. S mimol) in dilorobenzene (8 mL) at 25°C. The solution was sUrred for 
5 min .followed by the addi^on off 2-chlorO"&>(metlhylilhio)anlllne hydrochloride 

r 

(prepalred using mefliods described \t\ Example H (i)) (l-25g, 6 mmol) T^he mixhjire 
was heated at 12{>-13Q**C for 6 hours. The reacMon mixture was cooled to room 
3 0 temperattire and TLC showed that the reacBon was completedo Tlhe crude product 
was then fitter^, concentrated and than taken by dichlommetthane, the (resulting 

-B- 
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soIufioK was washed by 1M aqueous HCI and followed by sailne. Anarwaids, the 
crude piroduct was driedover MgS04. filfered. and concjetttrarted /u v^cc/o to yield 
a thick Oquld. The cRJde product was ftirther purified by column ohromatogiaphy 
(SiOa, a gradient of CH^JMeOH) fo afibrd ISt{2^loio^ 
5 (methylthlo)phenyl)-N'-{in8lhylthlo>pheriyDguanidine, yield 65%. 
TLC: CHcyMeOH (9:1). Rp0.3e; 
MS (CI) m/fe 338 (M*+1 for C„H„N3^CI). 

fw) ri^ethyt-^'CI - (bi^-chloiq^fmefBiv lthin )p henvn4sr-/3-methvfthiQtohfi 
10 methvlff uanidine 

r'CJ lodomethane produced from the CO] CO^ inaction with LiAlH, and HI was 
disbHed mto a reaction vial containing the O.Smg (l-Sjiniol) precursor. N-(2-chIorx>- 
6-(methylthlo)phenyl)-N'-(methylthio)phenyDguanidine (prepared using methods 
described in Example 1(iiO) in asOiunl acetonitrile and O.emg sodium hydride (Img 
IS of 60%: NaH dispersion In mineral oil, 25 nmol of NaH). Jhs faction was carrted 
out at 65X with stimng for 5 minutes and final mi)ctuie vi^s directly itijecled on to 
a jA-Bondapak C-18 column (7.8x300 mm) with a mobile phase of 
70%ac^tonitrile/0.05M ammonium hydrogen phosphate (pH=8.39) atafkjwiate 
of 2^i/min and X=254nni. The radioactrae peak eiuted at 12.3eininutes. 

20 

BfQiQQieal Dflftt^ 

Biologteal data are presented with refeFence to the fbllowlhg Figure 1 which 
shows 7adk)actrvify oonoentrBtion (cpw/g tissue)/(injected opm/g body weight) in 
two of the sampied brain tissues Figure 1(a) cerebellum or FigurBl(b) preftontal 
25 cortex. In Figure 1(c) the prefrontal cortex data are shown as ratios with the 
cerebellum data from individual rais, assuming the cerebellum to have tow NMDA 
receptor density (Bowery et al. Br. J. Phannacol. 93:944-954 (1988)). 



30 



Materialft f and Methnris 

Sixteen adult male Spnague-Dawley rats (body weight 250 - 320 g: mean ± SD = 
288 ± 25 g) were used In S separate experiments. Each rat was injected with ~13 
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MBq Cdmpound 1, at a specnfic activity of 103 ± 40 GBq/}imoi, via a previously 
cattieterised ta\\ vain. Tiie associated statrfe compound was 0.5 ± 0.2 nmol/lcg. 
Discrete samples of arterial blood were collected from 9 of the rats via a previoi^Iy 
catheterteed tail arteiy. 
5 Biodlstribuiion 

Tissues^ were sampled post-mortem using an established protocol, as described 
in Hirani et al, Synapse 42:164-176 (2001). The radioactJvity concentratton date 
obtained at 12 times up to 90 min afb^r radioligand Inj^on were normalised Ibr 
both amount injected and body weight, giving:- 'uptalce units' » (cpm/g 
10 tissueyOnjected cpmfg body weight)* 
Metabdite analysis 

Plasma samptes were injected din^dfy onto a solid phase e^dradion (SP^ column 
(CIS), with di-ammonlum hydrogen phosphate {OA M) mobile phase, and the 
reiained radioactivity subsequently injects onto a reverse pha^ HPLC column 
15 (300 X 7.8 mm i-d., (j-Bondapalc CIS) with a mobile phase of methanohO.I M 
ammonium formate, 70:40 v/v. The eluates were monitored for radioactivily and 
absorisance at 2S4 nm. Brain tissue wens assayed using the same methodology, 
except'?^ that the samples were homogenised and dei^roteinated prior to 
injecQon onto the HPLC column. 

20 

RESULTS 
Blood dnd Plasma 

Following the initial, rapid decrease in radioadMfy concentralfon concomitant with 
the tissue distribution phase, the radioactivity level in both whole blood and 
25 plasma: remained at ^^0.2 uptate units for the period 5 to 90 min after intravenous 
injection. The percentage of radioactivity associated wiUi parent decreased 
rapidly; to ^-50% at 10 rhin and reached S% at 90 min, 
BiodistrfcutiDn 
Brain. 

3 0 Full data sets for each tissue sampled are given in Table 1 , Fcrflowing intravenous 
Injectiqn^ there was a high extraction of radioacbVrty into the biain. All tissues 

i 

-10- 

i 

i 

i 
I 
I 



PipB.rshaa,«To«p patents .. +01494 64397^ T-812 P.nmn f-210 



showedi a further, small Increase in Compound 1 content within the fiisi 5 minutes, 
foilowed by a gradual decrease. As a result of ciifferenfiai retention, sQghf 
heterogteneHy in distribufion developed over time. Highest radioactivify 
concentrations wens measured in cortax and hippocampus with lowest values in 
meduD^ and cerebellum. The difference was maximal liom 40 minutes after 
Intravenous IrUection of the radiof^d. In brain. Compound 1 represented 
approx^nately 95% and 90% of the radioacHvily. at 20 and 70 minutes, 
respective. 

Rgure i iliustrates uptalee values in (a) cerebeHum and (b) preftontai cortex as a 
fUncSorp of time after it^eDfion of Compound 1 . Assuming that the radioactivily in 
cerebe(lum represents tree and non-^edlicany bound Compound 1. Fig 1(c) 
shows Jhe development of 'specific signal' over the period of the experiment In 
cortex, Iwith a flnai ratio of 'tolal'/'non-specifitf of "1.4. 
l=*eriph4iy. 

The distribution of radioactivity in rat tissue as a function of time after Intravenous 
injecBon of Compound 1 are presented In Table 2. The data are suitable for 
estima^on of the Effective Dose Equivalent, for radiation doslmetiy purposes. 

i 

SUIMhflXRY 

Compcjund 1 showed rapid metabolism and clearance from ttie plasma with high 
extraction of the radiolabelled parent into rat brain. A specific signal (lotal^non- 
specific radioactivity) developed within a time oommensurale with PET scanning. 
The signal was small but this might be expected in 'nomiar brain, with a resting 
state of the NlWDA receptor, if the specific signal represents selective binding to 
a site on the nmda receptor, the signal should be Increased following channel 
openinig. 
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Claims 

1. A compound of formula (0- 

s 




or a salt or solvate thereof, wrtierein: 

R"* IS -^^CH^R* or [^*F]-C,^fluoroalky! wherein R^is hydrogen or C^^ aBcyl; 
R^ is hydrogen or C^^ alkyi; 
XO is halo; and 

is halo, C,^ aikytthio. or C^^alkyl. 

2, A compound according to claim 1 of fbrmula (la) : 




or a salt or solvate thereof, wherein R% R^ R^» and are as defined in claim 1. 



•12- 
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3 . A compound according to dafm 1 or 2 of -formula (lb): 



CI 



SCHs 



(lb) 



or a Bait or solvate thereof, wherein: 
Is OU alkylthio; 

5 R* is either -"CHg, -"CHaCHa. or -"CH^jCHjCHa or Is -CHa*n=, -CHaCHa"F, or 
-CHaCHaCHa'«F. 

4. A compourai of formula Oo): 




(Ic) 



10 

or a salt or solvate Uiereof, vtfherain: 
R^^is C,^ alkyi orC,^ haloalkyi; 

is hydrogen or C^^ aOcyl; 
R* is Fadlaiodine (suitably "°i,'*1,^==l, or '"I) ; and 
15 R« is halo. C,^ allcylthio, or C,^ alkyl. 



5. A conqTound according to any one of claims 1 to 3 selected from: 

(N-(2-<ihlorD-S-(methylthlo)phenyO"NH3wnethylthio)phenyl)-N'-IN-m6thyl-"q^ 
20 methylguanMine: and 

(N-{2-chloro-5-(methylthio)phenyl)-N-(3-methylthio)phenyl>-N'-r''F]- 
fluoromethylguanidlne; 

-13- 



17'*JUL-02 14:40 FMUhaonrshain group patante 



♦DI494 543971 



T-612 P.019/022 F-210 



or a salt or solvate thereof. 

6. A cx»npouncl aocording to any one of claims 1 to 5 for use in en In vfvo 
diagnostio or imaging method such as PET. 

s 

7. Use of a compound according to any one of claims 1 to 5 in the manulacture 
of a radiopharmaceutical for the in vivo diagnose or imaging of an NMDA- 
mediai3ed disease. 

10 8. A method for the in vivo diagnosis or mris^ing of NMDA- mediated disease in 
a subject prsfenabiy a human, compri^ng adminislration of a compound accoiding 
to any one of claims 1 to S. 
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